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Abstract
Moxibustion is an important component part of
Traditional Chinese Medicine (TCM). Among differ-
ent kinds of moxibustion methods, thermal stimula-
tion seems to be a pivotal impact factor to the ther-
aputic efficacy. Based on its thermal characteristic
and treated area-skin, we hypothesize that the ther-
mosensitive TRPV channels may involve in the
mechanism of moxibustion. This study, by referring
to various experimental and clinical data, analyzes
the properties and features of transient receptor
potential vanilloid (TRPV) subfamily 1-4 and the im-
pact of moxibustion on these channels. The factors
impacting the efficacy of moxibustion treatment
were analyzed on three levels: the independent ba-
sic factors of moxibustion (temperature, space and
time); moxibustion intensity (a compound factor
achieved through comprehensive control of the
three individual basic factors mentioned above);
and moxibustion quantity (the amount of tempera-
ture stimulation applied within a certain unit of
time, including the total amount of moxibustion
treatment). The results from present study show
that the effect of moxibustion therapy appears to
be determined by the activation of TRPV1-4, mainly
TRPV1 and TRPV2. Temperature (the degree of heat
stimulation), time and area (how long the treat-
ment lasts and how many TRPV1-4 channels are ac-
tivated) affect the intensity of moxibustion treat-
ment to form effective moxibustion quantity; this
should be considered in clinical moxibustion appli-
cation.
© 2016 JTCM. All rights reserved.
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INTRODUCTION
Moxibustion is a Traditional Chinese Medicine treat-
ment in which moxa is burnt to administer heat stimu-
lation by altering local skin temperature and activating
cutaneous thermoreceptors. Four thermosensitive ion
channels have been reported as thermoreceptors in
mammals; these primary channel effectors of mammali-
an thermal sensation all belong to the transient recep-
tor potential vanilloid (TRPV) subfamily: TRPV1,
TRPV2, TRPV3 and TRPV4.1 As temperature sensa-
tion receptors, TRPV1-4 are expressed in primary sen-
sory neurons (sensory nerves), keratinocytes, mast cells,
and endothelial cells of the cutis.2 Since the TRPV sub-
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family contributes to temperature sensation, TRPV re-
ceptors potentially form essential part of the primary
afferent pathway in moxibustion therapy. As well as be-
ing distributed in the cutis, the six TRPV channels in
mammals are distributed in the cardiovascular, gastroin-
testinal, respiratory, urogenital, hematopoietic and im-
mune systems.3 This review focused on the TRPV
channels TRPV1-4 because the thermal activation
thresholds of TRPV1-4 range from 27-52 ℃ , which is
consistent with the temperature perceived by skin due
to the heat stimulation of moxibustion.3,4 This review
summarizes the factors impacting on the efficacy of
moxibustion therapy according to the temperature sen-
sation properties of TRPV1-4.
BASIC FACTORS INVOLVED IN
MOXIBUSTION
Temperature
Warm-heat stimulation is the fundamental aspect of
moxibustion that produces its therapeutic effect.5 Tem-
perature plays a critical role in the effect of moxibus-
tion therapy, and different temperatures produce differ-
ent levels of efficacy; moxibustion at 46 ℃ was signifi-
cantly better at lowering cholesterol in a mouse model
of acute hyperlipidemia than moxibustion at 38℃.6 Se-
rial investigations into the effect of sandwiched moxi-
bustion (using a divider, such as a piece of ginger, be-
tween the moxa and the skin) on hyperlipidemia-in-
duced abnormal blood vessel function showed no sig-
nificant difference between medicinal cake-separated
and paper pad-separated moxibustion;7-11 this implies
that the temperature, rather than the divider, is essen-
tial to the therapeutic effect of moxibustion.
The TRPV channels that sense temperature changes
can be identified through their distinct thermal activa-
tion thresholds: ≥ 43 ℃ for TRPV1, ≥ 52 ℃ for
TRPV2, > 34-38 ℃ for TRPV3, and >27-35 ℃ for
TRPV4.3 Hence, TRPV1 and TRPV2 are mainly sensi-
tive to heat and noxious heat, while TRPV3 and
TRPV4 are sensitive to warmth.12
The temperature sensed by skin during moxibustion
ranges from 34-57 ℃ ,13,14 corresponding with the ther-
mal activation thresholds of TRPV1-4. The local skin
temperature during moxibustion varies according to
various factors such as the type of moxa material used,
the distance between the moxibustion fire (burning ter-
minal) and the skin, and the presence of dividers used
in sandwiched moxibustion. The maximum human
skin temperature of the contact surface was around
57 ℃ in sandwiched moxibustion when 2 g moxa was
burned.13 The maximum temperatures achieved using
traditional aconite cake-separated and ginger-separated
moxibustion were 57.20 ℃and 57.03 ℃ , respectively;
while the peak skin temperature ranged from
45.2-45.5 ℃ in ginger-separated, direct and suspended
moxibustion.15 In moxibustion using a moxibus-
tion-box, the average skin temperature was above 44 ℃
when the distance between the skin and the burning
terminal was 4 cm, while it ranged from 44-49 ℃
when the distance was 3 cm.16 In mild moxibustion of
Zusanli (ST 36), the skin temperature was
44.0-45.5 ℃ at a distance of 4 cm, and was
46.1-47.8 ℃at a distance of 3 cm.16 In hyperlipidemic
rats treated with different amounts of ginger-separated
moxibustion, the regional temperatures of Zusanli (ST
36) in the six zhuang group (six moxa cones were
burnt) and the nine zhuang group (nine moxa cones
burnt) were 43.22 ℃ and 44.05 ℃ , respectively.17 The
regional temperature in warming moxibustion was ini-
tially 34℃ and peaked at 40-43℃.14
Temperature is the key to effective moxibustion thera-
py, because the curative effect is dependent on the skin
reaching a certain temperature. According to research
conducted on skin temperatures achieved during moxi-
bustion and the thermal activation thresholds for
TRPV1-4, we recommend that the peak temperature
of moxibustion should be over 40℃.
Space
The surface area of skin warmed during moxibustion
also influences the effectiveness of moxibustion. Moxi-
bustion is practically ineffective when the diameter of
the moxa cone is less than 3 fen (3 fen = 0.57-0.72 cm,
according to ancient literature).18 Moxibustion must
thermally stimulate a certain area to produce a thera-
peutic effect. Horizontal three cun (cun is an ancient
unit of measure where 1 cun=10 fen) of moxibustion is
recognized as a relatively fixed area of thermal stimula-
tion large enough to ensure a curative effect clinically.19
Neurons in the medullary subnucleus reticularis dorsa-
lis (SRD) of rats were significantly more greatly activat-
ed by thermal stimulation at 44 ℃ in an area of
3.5-4.0 cm diameter, compared with the same tempera-
ture stimulation in an area less than 3.0 cm diameter.20
Variation in the distance between the burning terminal
and the skin in mild moxibustion, and the thickness of
the divider in sandwiched moxibustion is effective in
regulating skin temperature. The closer the moxa stick
is to the skin, the higher the skin temperature is, and
the greater the stimulus produced by moxibustion.
Time
The effectiveness of moxibustion therapy is affected by
the duration of a single moxibustion treatment, the to-
tal time of the whole treatment course, and the interval
time (the frequency of treatment). The duration of
treatment in the form of time of each treatment and cu-
mulative time of the whole treatment course influences
the temporal summation of stimulation and the cura-
tive effect of moxibustion therapy. For example, moxi-
bustion exhibits protective effects to vascular endotheli-
al function only when the quantity of one treatment
achieves a certain time period.21 Any kind of moxibus-
tion treatment is a continuation of thermal stimulation
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along the time axis to accomplish moxibustion quanti-
ty (total amount of moxibustion). Hence, the time of
moxibustion usually tends to be in measurement units
of moxibustion quantity.
MOXIBUSTION INTENSITY
The intensity of moxibustion treatment is a compound
factor defined as the amount of temperature stimula-
tion applied in a certain period of time and/or unit ar-
ea. The unit of time could be any period, such as 1 s,
10 min, 30 min, or even the duration of a single treat-
ment. Conceptually, moxibustion intensity provides
the bridge that connects the basic factors and quantity
of moxibustion. Intensity determines the execution pat-
terns of moxibustion treatment clinically, and provides
the concrete form from which to implement the total
amount of thermal stimulation of each treatment. In-
tensity is achieved through comprehensive control of
the basic factors of temperature, space and time men-
tioned above. The availability of diverse methods of
moxibustion means that various levels of intensity can
be chosen in a clinical setting. Temperature, area and
time are the main factors by which stimulation intensi-
ty in moxibustion is controlled. Both augmented area
and prolonged time of treatment increase the moxibus-
tion intensity of a single treatment, even at a constant
temperature.
Temperature
The thermal stimulation must reach a certain tempera-
ture to achieve an effective level of moxibustion intensi-
ty. The basic temperature threshold of moxibustion is
43 ℃; this threshold has been determined through con-
sideration of the activation thresholds of TRPV chan-
nels and the detected skin temperature during effective
moxibustion discussed above. Thermal stimulation
above 43 ℃ is considered noxious and is perceived as
painful.22 Therefore, TRPV1 may play an indispensable
role in moxibustion because of its activation tempera-
ture threshold of ≥ 43 ℃ . There is also evidence that
TRPV1 senses noxious thermal stimulation. TRPV1
and TRPV2 are thermal nociceptors of the heat (burn-
ing) pain sensation,22 and TRPV1 and/or TRPV2 pro-
teins are distributed in C and Aδ fiber nociceptors.23
The complex of TRPV1 and TRPV3 is also sensitive to
thermal stimulation.24 SRD neurons can only be activat-
ed by noxious heat; thermal stimulations above 43 ℃
(46, 48, 50 and 52 ℃ ) are capable of activating SRD
neurons, while stimulation at temperatures below
43℃ fails to do so.20
The curative effect of moxibustion therapy is deter-
mined by its basic thermal thresholds, as well as local
skin temperature variation during moxibustion. The
temperature variation during moxibustion affects moxi-
bustion intensity. Different patterns are generated ac-
cording to different thermal stimulation during moxi-
bustion, along with the rising height, velocity and vari-
ations of local temperature.25 Firstly, local cutaneous
temperature of 45.2 ℃ is detected as intolerable burn-
ing pain (allesthesia defensive reaction occurs).17 Hu-
mans can tolerate noxious heat for a short time (several
seconds to several minutes); constant skin contact with
a heat source of 49 ℃ for 3 min causes erythema but
no obvious skin damage, while contact for 9 min leads
to significant skin necrosis.26 Both sandwiched and
sparrow-pecking moxibustion (a method of mild moxi-
bustion in which the distance between skin and moxa
varies dynamically according to different thermal sensa-
tions) make use of this characteristic of the human
body to enhance thermal stimulation while still avoid-
ing injury. Secondly, C-type polymodal nociceptors of-
ten adapt to stable heat stimulation in response to ther-
mal stimulation above 40 ℃.27 However, rapid changes
in temperature are more likely to trigger explosive
bio-electrical discharging.27 A plateau occurs in the acti-
vation reaction of SRD neurons when the thermal stim-
ulation reaches a certain level.20 Therefore, temperature
variation during moxibustion is not only important for
patient tolerance and prevention of injury, but is also a
way to avoid the adaptive response of warm-heat ther-
moreceptors and enhance the intensity of thermal stim-
ulation.
Moxa is used in moxibustion because burning moxa
provides the appropriate thermal stimulation required
while avoiding excessive damage to the body. The best
material for moxibustion is aged wormwood due to its
mild and moderate thermal stimulation;28 in contrast,
the plentiful volatile oil and strong fire in fresh worm-
wood makes it inappropriate for moxibustion use.
"The other eight woods (pine, cypress, bamboo, tanger-
ine trees, elm, trifoliate orange, mulberry and jujube)
that also produce fire" are not traditionally selected be-
cause they produce a noxious burning temperature that
may injure blood vessels, muscles, and bone marrow,
and they have no curative benefit.29
Area
Enlargement of the area heated during moxibustion ef-
fectively enhances the gross amount of thermal stimula-
tion. The receptive fields of Aδ high-threshold mecha-
noreceptors and C-type polymodal nociceptors consist
of several separate sensitive points.27 Expansion of the
moxibustion area implies that the area sensing thermal
stimulation enlarges and the corresponding total
amount of thermal stimulation increases; thus the in-
tensity of a single moxibustion treatment increases,
even though the stimulation intensity per unit area is
unchanged. When the temperature of thermal stimula-
tion reached 46 ℃ and above (46, 48, 50 and 52 ℃ )
during moxibustion on Zhongwan (CV 12) in rats, the
electrical activity of SRD neurons increased linearly
along with the increase in the stimulated area of 1.0–
4.0 cm diameter.20
Time
Changing the interval time (frequency of moxibustion
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therapy) is an effective way of controlling the intensity
of moxibustion; this includes each treatment interval
in the whole course and each moxa stimulation inter-
val in one treatment (for example, the time axis-based
temperature variation curves depend on different time
intervals between the application of two moxa cones in
sandwiched moxibustion). There is no simple pattern
in which higher treatment frequency leads to better cu-
rative effect. Applying moxibustion once every other
day was more effective than once everyday in patients
with hypercholesterolemia.30
Moxibustion intensity is the key to controlling the
quantity of moxibustion. The moxibustion intensity re-
quired corresponds to the pathology of diseases, reflect-
ing the pertinence and specificity of treatment. In the
dose-effect correlation of moxibustion, intensity is
matched to the disease pathology. Hence moxibustion
intensity is a critical factor affecting the effectiveness of
clinical treatment.
MOXIBUSTIONQUANTITY
Moxibustion quantity is the accumulation of thermal
stimulation, which can be affected by stimulation in-
tensity. A certain quantity (amount) of moxibustion is
required for treatment efficacy. In a clinical setting, it is
common to increase moxibustion quantity to improve
the curative effect. Augmenting the area stimulated
and prolonging the time of moxibustion treatment
would increase the moxibustion quantity and enhance
the efficacy. Extensive long snake moxibustion (moxi-
bustion applied over a large area from the neck to the
terminal vertebra, including the bilateral bladder me-
ridian lines) is often used in the treatment of obstinate
illness such as ankylosing spondylitis.31 An effective
way to increase moxibustion quantity is by time cumu-
lation,32 which can be accomplished by either pro-
longed duration of a single treatment or accumulation
of total days of treatment. For example, the lipid-regu-
lating effect of 30 min of mild moxibustion in hyper-
lipidemic patients was significantly better than that of
10 min.33 Additionally, 6 weeks of moxibustion treat-
ment significantly decreased the asymmetric dimethyl-
arginine (ADMA) level, while the nitric oxide (NO)
level remained unchanged; a significant reduction in
NO occurred only after 12 weeks of treatment.34 The
effects of 60 days of mild moxibustion treatment were
also significantly better than that of 30 days in improv-
ing the symptoms and signs of rheumatoid arthritis
and controlling laboratory-related indicators.35 Similar-
ly, a larger moxibustion quantity does not lead to bet-
ter efficacy. Mild moxibustion (applied for 5, 10 or 15
min) resulted in differences in the regulation of differ-
ent ingredients of blood lipid.36
BLISTERINGMOXIBUSTION
In blistering moxibustion the burning moxa cones are
put directly on the skin, leading to purulence. The pres-
ence of purulence directly determines the curative ef-
fect. Ancient literature stated that moxibustion has to
cause purulence: "Moxibustion therapy that causes
sores to develop cures disease, while moxibustion with-
out causing sores does not".37 Moreover, the local fester-
ing state should be maintained by repeated moxibus-
tion treatments. "When traveling in areas of Wu and
Shu (regions where Miasma is prevalent and easily
cause epidemics), officials usually administer moxibus-
tion at several points on their bodies and keep the sore
uncured".38 "Keep Zusanli (ST 36) 'wet (purulent)'
and keep doctors away".39
The sores caused by blistering moxibustion are due to
local aseptic inflammation. The TRPV1 channels are
sensitized in this inflammatory condition.40 Substantial
evidence has proven that the sensitivity of TRPV1
could be regulated by growth factors, neurotransmit-
ters, neuropeptides, chemokines, cytokines and other
inflammatory mediators.41 The components of the pus
caused by blistering moxibustion include inflammatory
mediators such as IL-1, IL-6 and so on. 42 All the cells
in human peripheral blood show TRPV1 and TRPV2
immunoreactivity.43 Theoretically, systemic blood circu-
lates through the post-moxibustion sores. Therefore,
substances generated in the sores may persistently inter-
act with TRPV1/2 of the blood.
Thermosensitive moxibustion
Heat-sensitive points are characterized by heightened
sensitivity to the thermal stimulation of moxibustion.
Applying moxibustion at heat-sensitive points signifi-
cantly improves the clinical efficacy.44 This indicates
that heat-sensitive points are associated with variations
in the sensitivity of TRPV channel proteins to thermal
stimulation. TRPV1-3 become sensitized with repeated
heating, called heat-heat sensitization (HHS). When
the stimulating temperature was increased from room
temperature to 45 ℃, TRPV3 currents were very small
when only one thermal stimulus was used, while repeat-
ed temperature elevation enhanced the current re-
sponse of TRPV3;44 the same phenomenon has been
observed for TRPV1 and TRPV2.45 Repeated applica-
tions of heat result in a decrease in the TRPV2 activa-
tion threshold to about 40 ℃, compared with an initial
threshold of more than 52 ℃ .46 HHS is also exhibited
by the nociceptors that express TRPV2, either alone or
in combination with TRPV1.23
The activation temperature threshold of the TRPV
channels varies in a pathological state. There is interac-
tion between heat- and proton-activated TRPV1.47A re-
duction in pH dramatically lowers the threshold for
channel activation.The threshold of heat-activated
TRPV1 is 43 ℃ at pH 7.4, 30 ℃ at pH 6.3, and
TRPV1 channels open at room temperature when the
pH is low enough.46
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CONCLUSION
Moxibustion is a therapy in which thermal stimulation
is applied to the surface of human skin to activate the
thermosensitive TRPV channels. Investigating the
properties of TRPV channels reveals the scientific con-
notations of moxibustion, and provides a more accu-
rate basis for its clinical application. Moxibustion acti-
vates TRPV channels by creating heat, unlike main-
stream medical treatments that depend on chemical ac-
tivation by medicine. TRPV channel proteins play a
crucial role in the initial part of the primary afferent
nerves, and may also be the effectors of moxibustion.
Both TRPV1 and TRPV2 are present in human periph-
eral lymphocytes,43 indicating that the circulatory sys-
tem is another potential pathway of moxibustion in ad-
dition to the nervous system.Research has proven a cor-
relation between TRPV channels and moxibustion.6,48,49
Future research may further clarify the unique effects
of moxibustion therapy.
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